Abstract. [Purpose] It is unknown whether handgrip strength dominance is related to the size of the forearm flexor muscles. The purpose of the present study was to investigate the relationship between side-by-side differences in handgrip strength and forearm muscle thickness.
INTRODUCTION
Handgrip strength (HGS) is an objective measure of muscular function in the upper extremity and has been used as a marker of frailty in older adults [1] [2] [3] . In general, measurement of HGS is performed with the dominant hand to determine the highest strength value. This is because several studies have observed that HGS is 10% higher with the dominant hand compared with the nondominant hand 4, 5) . In contrast, Petersen et al. 6) reported that for approximately 20% of participants (61 of 310 subjects), the HGS of the nondominant hand was equal to or greater than that of the dominant hand; however, the reasons for this phenomenon are unknown.
Recently, a study investigated the relationship between ultrasound-measured forearm muscle thickness (MT) and HGS in old men and women 7) . The authors found that the forearm-ulna MT and forearm-radius MT was significantly correlated with HGS in women. We hypothesized that the HGS dominance may be closely associated with the difference in muscle size in the forearm. Thus, the purpose of this study was to investigate the relationship between side-byside differences in HGS and forearm MT.
SUBJECTS AND METHODS
Thirty-one young women between the ages of 20 and 33 years were recruited from the University of Mississippi campus through a printed advertisement and by word of mouth. All subjects were free of overt chronic disease (e.g., angina, myocardial infarction, arthritic and neuromuscular disorders, etc.) and were not taking any medications known to affect muscle size and function as assessed by self-report. Prior to testing, study approval was granted by the Institutional Review Board of the University of Mississippi, and written informed consent was obtained from all subjects. The study was conducted according to the World Medical Association Declaration of Helsinki.
Hand dominance was ascertained by asking each subject which hand they used to perform well-learned skills such as writing. Twenty-six of the 31 subjects reported right-hand dominancy, while the remaining 5 subjects reported lefthand dominancy. All right-handed subjects used their right hand preferentially for not only writing but also for throwing a ball and grasping a racket. On the other hand, three left-handed subjects used their left hand preferentially for writing, but they used their right mainly for throwing and grasping. Thus, only two left-handed subjects used their left hand preferentially for all activities.
MT was measured using B-mode ultrasound (Aloka SSD-500, Tokyo, Japan) at the anterior forearm [at 30% proximal between the styloid process and the head of the ulna] on both sides of the body as described previously 8) . Limb length measurements were taken using anatomical Original Article landmarks. Measurement sites were marked with a marker pen and then limb girth was measured. The measurements for forearm MT were taken while the subjects stood quietly with their elbow extended and relaxed. A linear transducer with a 7.5-MHz scanning head was coated with water-soluble transmission gel to provide acoustic contact and reduce the pressure applied by the scanning head to achieve a clear image. The scanning head was placed on the skin surface at the measurement site using the minimum pressure required, and cross sections of each muscle were imaged. Three images from each site were printed (UP-897MD, Sony, Tokyo, Japan), and mean values of each site were used for data analysis. Two MTs were measured, that is, the perpendicular distances between the subcutaneous adipose tissue-muscle interface and muscle-bone interface of the radius (forearmradius MT) and ulna (forearm-ulna MT), as shown in the study of Abe et al 7) . The distance between two interfaces was measured with a ruler. The precision and linearity of the image reconstruction have been described and confirmed elsewhere 9) . Test-retest reliability of forearm-radius and forearm-ulna MT measurements was determined using the intra-class correlation coefficient (ICC 3,1 ), standard error of measurement (SEM), and minimal difference from 11 young subjects (5 males and 6 females) scanned twice with a 24 hours interval (0.928, 0.10 cm, and 0.27 cm and 0.992, 0.05 cm, and 0.15 cm, respectively).
Handgrip strength was measured using a factory-calibrated hydraulic hand dynamometer (Fabrication Enterprises Inc., Elmsford, NY, USA). All subjects were instructed to maintain an upright standing position to keep their arms at their sides, and to hold the dynamometer in the right hand with the elbow flexed at 90 degrees without squeezing the arm against their body. The size of the dynamometer's handle was set to that which the subjects felt comfortable whilst squeezing the grip. Subjects were allowed to perform one test trial, followed by two maximum trials, and the best value of the trials was used for analysis. Test-retest reliability of handgrip strength measurements was previously determined using the ICC 3,1 , SEM, and minimal difference from the same 11 young subjects described earlier tested twice with an interval of 24 hours (0.967, 2.4 kg and 6.6 kg, respectively).
Results are expressed as means and standard deviation (SD) for all variables. Side-by-side differences in forearm girth, MT, and HGS were tested using paired student t-test in right-handed (n=26) and left-handed (n=5) groups. Using overall data (n=31), Pearson product correlations were performed to assess the relationship between side-by-side differences (right minus left) in HGS and forearm-ulna MT or forearm-radius MT. Significance was set at p ≤ 0.05.
RESULTS
In the right-handed group, forearm girth, forearm-ulna and forearm-radius MT and HGS were greater (p<0.001) in the right hand than the left hand (Table 1 ). In the left-handed group, there were no significant (p>0.05) differences in any of the variables between the two hands. The side-by-side difference in HGS expressed as a percentage was 10.2% for the right-handed group, meaning the right hand was stronger. However, the left hand in the left-handed group was 7.8% stronger compared with the right hand.
There was a significant positive correlation between sideby-side differences in HGS and forearm-ulna MT (r=0.765, p<0.001) and side-by-side differences in HGS and forearmradius MT (r=0.622, p<0.001).
DISCUSSION
It is well known that the dominant hand has approximately 10%, on average, greater HGS compared with the nondominant hand. However, it was unknown whether HGS dominance was related to the size of the forearm flexor muscles. To the best of our knowledge, this is the first study that has investigated the side-by-side relationship between forearm MT and HGS in young women. Our findings suggest that forearm muscle size may strongly contribute to HGS dominance. The increased muscle size in the dominant hand may occur due to muscle contractions during asymmetric hand motion activities such as carrying a weight with one hand, throwing a ball, or grasping a racket during a sports activity. A previous study investigated the influence of years of work experience on HGS dominance in factory workers with the samples being categorized into five subgroups based on years of employment in factory work 10) . They reported that workers with 0-2 years of experience had a greater side-byside percent difference in HGS compared with workers with 10-20 years of experience, which may be due to their simultaneous use of both hands to complete a task. In addition, our recent studies indicated that forearm MT is correlated with HGS in old women 7) and is strongly correlated with HGS in young women 11) . The regression lines between HGS and MT from the aforementioned study 11) revealed that 1 cm differences in forearm-ulna and forearm-radius MTs are comparable to approximately 13 kg and 16 kg differences in HGS, respectively. In the present study, our results support previous studies showing that 1 cm differences in forearmulna and forearm-radius MTs corresponds to 14.9 kg and 17.1 kg differences in HGS, respectively. Therefore, forearm MT is a crucial factor for determining HGS dominance. Our results showed that the side-by-side difference in HGS was 10.2% in right-handed women with the right hand being stronger. Although the sample size was very small, the side-by-side difference in HGS was 7.8% in left-handed women with the left hand being stronger. Petersen et al. 6) reported that right-handers showed a 12.7% greater right-hand HGS in young and middle-aged men and women, while there was no difference in HGS (0.08%) in left-handers. Cornwell et al. 5) reported that right-handers displayed 10.4% greater right-hand HGS in young and middle-aged adults; the lefthanders exhibited 5.5% greater left-hand HGS. The results of this study support the 10% rule for right-handed women.
In conclusion, our results suggest that side-by-side differences in forearm-ulna and forearm-radius MTs were positively correlated with HGS dominance. For young women, forearm muscle size may be a major determinant for evaluating HGS dominance.
